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(54) Coated inserts for rough milling 

(57) The present invention discloses coated milling 
inserts particularly useful for milling of grey cast iron with 
or without cast skin under wet conditions at low and 
moderate cutting speeds and milling of nodular cast iron 
and compacted graphite iron with or without cast skin 
under wet conditions at moderate cutting speeds. 



The inserts are characterised by a WC-Co cement- 
ed carbide with a low content of cubic carbides and a 
highly W>alloyed binder phase and a coating including 
an inner layer of TiC^Ny with columnar grains followed 
by a layer of K-AI2O3 and a top layer of TiN. 



CD 

m 

CO 
H 

I 



CM 
< 

CD 

in 

10 
o 

CM 



or 
r- 
n 

o 
O 
-□ 
-< 



Q. 
UJ 



Printed by Jouve. 75001 PARIS (FR) 



BNSDOCIO: <EP_ 



_12055e9A2_l_> 



EP 1 205 569 A2 



Description 



— — 

caused by different types of cracks in the inserts. „^^hinino of cast irons One important type is the so- 

IO0O3] Different types of crack patterns may appear ^^^^f ^^^^ cracks is strong^ 

Llled comb cracks, which are foaned perpend^u^rty ^° J^^^J^^^^^^^ increases the tendency to 

influenced by the cooling conditions dunng cuttmg. P^J'.'^"'"^^^^^^^^^ 

formation ofcombcracks.ofter, aisoca,^^^^^^^^ sulce cracks, in particular 

and thermal tensile stresses in the insert s"rfa<^e ir^reas^ng ine ^ ^^^^^ 

rn^t^intiTunror^^ 

cemented carbide grade and on the surface a --^^J;^^^^^^^^^^^ rate and also external 

= suTa:::;:;™^ - - - ^ 

with respect to one or two of the wear ^ '^^'^''^^^ particularly useful for dry milling of grey cast iron. 
100071 US 5,91 2.051 disc oses a coaled cutt ng nsert partro^^^ iittent turning in low alloyed steel. 

[0008] US 5.863,640 discloses a coated turning P™;'y " „ ^^q, particularly designed for the wet and dry 
0009 in US 6,062.776 is disclosed a coa ed ^^^^^^^^^^^^^^'^^^^^^^^^ abrasive surface zones, in 

milling of workpieces of low and medium «"°y;.«^^^^^^^^^^^^^ The external cutting conditions 

machining operations requiring J^^f ^"^^^e ^ISe ^^^^^^^^ ^^^^ °* ^^'P^ 

milling of low and medium alloyed steels. ^^rtfeuiarlv useful for milling in low and medium alloyed steels with 

as the 

5 CW-ratio= / (wt-% Co-0.01 61 ) 

Where is the saturation magnetization Of the cemented carbide body in kA/m and wt--/« CO is the wei^ 
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of Co in the cemented carbide. The CW-value is a function of the W content in the Co binder phase. A high CW-value 
corresponds to a low W-content in the binder phase. 

[0017] It has now been found according to the present invention that improved cutting perfonnance is achieved If 
the cemented carbide body has a CW-ratio of 0.86-0.94. The cemented carbide may contain small amounts. <3 vol- 
5 %, of Ti-phase (MeC). without any detrimental effect. 
[001 8] The coating comprises 

- a first (innermost) layer of TC^NyOz with x+y+2=1 , y>x and z<0.2, preferably y>0.8 and 2=0, with equlaxed grains 
with size <0.5 \ixn and a total thickness <1 .5 jim preferably >0.1 jim, 
10 - a layer of TiC^Ny with x+y=1 , x>0.3 and y>0.3, preferably x>0.6, with a thickness of 1 -4 pjn, preferably 2-2.7 p.m, 
with columnar grains and with an average diameter of <5 iim, preferably 0.1-2 jim, 

a layer of a smooth, fine-grained (grain size about 0.5-2 ^im) AI2O3 consisting essentially of the K-phase. However, 
the layer may contain small amounts (<5 vol-%) of other phases such as G- or the a-phase as detemnlned by XRD- 
measurement. The AlgOa-layer has a thickness of 1 -2.5 \im, preferably 1 .2-1 .7 ^m and 
15 - a further 0.5-1 .0 ^m thick layer of TIN. This outennost layer of TIN has a surface roughness Rn,a^<0.4 p.m over a 
length of 10 \im. The TiN-!ayer Is preferably removed along the cutting edge and the underlying alumina layer may 
be partly or completely removed along the cutting edge. 

[001 9] The present invention also relates to a method of making coated cutting tool inserts consisting of a cemented 
20 carbide body with a composition of 7.3-7.9 wt-% Co, preferably 7.6 wt-% Co, 1 .0-1 .8 wt-% cubfc carbides, preferably 
1 .4-1 .7 wt-% cubic carbides of the metals Ta and Nb and balance WC. The average grain size of the WC is in the range 
of about 1 .5-2.5 ^m, preferably about 1 .8 ^m. 
[0020] Onto the cemented cart^lde body Is deposited 

25 - afirst (Innemnost) layer of TiC^NyOz with x+y+z=1 , y>x and z<0.2, preferably y>0.8 and z=0, with equiaxed grains 

with size <0.5 ^m and a total thickness <1 .5 p,m, preferably >0.1 p-m, using known CVD-methods, 

- a layer of TiCj^Ny with x+y=1 , x>0.3 and y>0.3, preferably x^O.5, with a thickness of 1 -4 p.m, preferably 2-2.7 ^.m, 
with columnar grains and with an average diameter of <5 \xm, preferably 0.1-2 jxm using preferably MTCVD-tech- 
nique (using acetonltrile as the carbon and nitrogen source forf omning the layer in the temperature range of 700-900 

30 »C). The exact conditions, however, depend to a certain extent on the design of the equipment used, 

- a smooth Al203-layer essentially consisting of K-AlaOa is deposited under conditions disclosed In e.g. US 
5.674,564. The AI2O3 layer has a thickness of 1-2.5 ^.m, preferably 1 .2-1 .7 p.m and 

- a 0.5-1 .0 ^im thick layer of TIN with a surface roughness R^3x^0.4 ^.m over a length of 1 0 urn. 

35 [0021 ] The smooth coating surface is obtained by a gentle wet-blasting the coating surface with fine grained (400-1 50 
mesh) alumina powder or by brushing the edges with brushes based on e.g. SiC as disclosed e.g. in US 5,861,210. 
The TIN-layer is preferably removed along the cutting edge and the underlying alumina layer may be partly or completely 
removed along the cutting edge. 

[0022] The invention also relates to the use of cutting too! inserts according to above for wet milling using fluid coolant 
40 of cast Irons such as grey cast iron, compacted graphite iron and nodular iron particularly grey cast iron at a cutting 
speed of 70-180 m/min and a feed of 0.1-0.4 mm/tooth depending on cutting speed and Insert geometry. 

Example 1 

45 [0023] A, Cemented carbide milling Inserts in accordance with the invention with the composition 7.6 wt-% Co, 1 .25 
wt-%TaC, 0.30 wt-% NbC and balance WC with average grain size of 1.8 \im, with a binder phase alloyed with W 
corresponding to a CW-ratIo of 0.87 were coated with a 0.5 jim equiaxed T1C0.05N0.95- layer (with a high nitrogen content 
corresponding to an estimated C/N-ratio of 0.05) followed by a 2.6 \im thick TiCo 54No 45- layer, with columnar grains 
by using MTCVD-technique (temperature 850-885 '^C and CH3CN as the carbon/nitrogen source). In subsequent steps 

50 during the same coating cycle, a 1 .3 [im thick layer of AI2O3 was deposited using a temperature 970 '^C and a con- 
centration of H2S dopant of 0.4 % as disclosed in US 5,674,564. A thin (0.5 p.m) layer of TiN was deposited on top 
according to known CVD-technique. XRD-measurement showed that the Al203-layer consisted of 100% K-phase. 
[0024] The coated inserts were brushed using a nylon straw brush containing SiC grains. Examination of the brushed 
inserts in a light optical microscope revealed that the outermost, thin TiN-layer and some of the Al203-layer had been 

55 brushed away along the very cutting edge, leaving there a smooth Al203-surface. Coating thickness measurements 
on cross sectioned, brushed Inserts showed that the outenmost TiN-layer and roughly half the AlgOs-tayer had been 
removed along the edge line. 

[0025] B. Commercial cemented cart^ide milling inserts with the composition 9 virt-% Co. 1 .23 wt-% TaC, 0.30 wt-% 
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pSJl'Tli -rem A. B 0 .er. ,e«ed ,n lac .n««« o. sw, »«»ono^beads. 



35 



40 



Operation 
Work-piece 
Material 
Cutting speed 
Feed rate/tooth 
Depth of cut 
Insert-style 
Note 



Face milling - roughing 
Cylinder head 

Pearlitic grey cast iron, alloyed. 
116m/min 
0-32 mm/rev 
2 mm 

TNEF 1204AN-CA 

Wet, single tooth milling 



Results 


Tool-life, number of passes per edge 


Grade A : (invention) 
Grade B : (prior art) 
Grade C : (prior art) 


99 
60 
49 



[0028] Tool-life 
30 Example 2 



criterion was chippings and fractures of the edges. 



100291 D.Ce.entedcart,lde.i,ling.nser.,na^^^^^ 

S??:VaC. 0.30 wt-% NbC and balance WC ^^/^ ^ ^ ui^e^ T.£o osNo 9s-'ayer (with a high nitrogen 
W corresponding to a CW-ratio of 0.88 were ^°/^f ^^J^^^^^^^^y ^ g.O thicf-nCo.54No.46-'ayer, with columnar 
content corresponding to an estimated ^/NjatK. ^f^^^^^^^^^ as tie carbon/nitrogen source). Ins^biequent 

grains by using MTCVD-technique f^^f^'^l^.jM^o. l^s deposited using a temperature 970 and a 
steps during the same coating cycle, a 1^4 thick layer omiz 3 h deposed on top 

concentration of H2S dopant of 0.4 % as disclosed in US 5|674.564. « AuO,-layer consisted of 1 00 % K-phase. 
Wording to known CVD-technique. XRO-measurement showed^^^ Examination of thebrushed 

rJs'Sstr^Cc w.-. « -"9 « grey ca« 1™ c,«««heads. 



_Qp.erat)OJi. 



50 



55 



Work-piece 
Material 
Cutting speed 

Feed rateAooth 

Depth of cut 

Insert-style 

Note 



£acejTuliing^iJ^>u^ 



Cylinder head 
Pearlitic grey cast iron, alloyed, 
116m/min 
0.32 mm/rev 
1 .5-2 mm 

TNEF 1204AN-CA 

Wet, 13 teeth, unstable tendencies 
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Results 




Tool-life, number of component per edge set 




Grade D 


(invention) 


685 


5 


Grade C 


(prior art) 


475 



[0032] Tool-life criterion was edge break-out on the work piece due to chipping and high flank wear of the edges. 
Example 3 

10 

[0033] E. Cemented carbide milling inserts in accordance with the Invention, identical to the inserts described in D 
(Example 2), except for that the coating not was brushed. 

[0034] Inserts from D and E were tested In face milling of grey cast Iron cylinder heads. 



Operation 


Face milling - roughing 


Work-piece 


Cylinder head 


Material 


Peariitic grey cast iron, alloyed, 


Cutting speed 


116m/min 


Feed rate/tooth 


0.32 mm/rev 


Depth of cut 


1 .5-2 mm 


Insert-style 


TNEF 1204AN-CA 


Note 


Wet, 13 teeth, unstable tendencies 



25 



Results 


Tool-life, number of component per edge set 


Grade D : (invention) 
Grade E : (outside invention) 


685 
570 



30 

[0035] Tool-life criterion was edge break-out on the work piece due to chipping and high flank wear of the edges. 
Example 4 

35 [0036] F. Cemented carbide milling inserts in accordance with the invention with the composition 7.6 wt-% Co, 1 .25 
wt-%TaC, 0.30 wt-% NbC and balance WC with a grain size in average of 1 .79 |im, with a binder phase alloyed with 
W corresponding to a CW-ratio of 0.86 were coated with a 0.5 \xm equiaxed TiCq osNo M'^^y®*' (with a high nitrogen 
content corresponding to an estimated C/N-ratio of 0.05) followed by a 2.7 \im thick T1C0.54N0 4e-layer, with columnar 
grains by using MTCVD-technique (temperature 850-885 *C and CH3CN as the carbon/nitrogen source). In subsequent 

40 steps during the same coating cycle, a 1 .2 |xm thick layer of AI203 was deposited using a temperature 970 "C and a 
concentration of HgS dopant of 0.4 % as disclosed in US 5,674,564. A thin (0.8 p.m) layer of TIN was deposited on top 
according to known CVD-technique. XRD-measurement showed that the AlgOg-layer consisted of 100 % K-phase. 
[0037] The coated inserts were brushed using a nylon straw bmsh containing SiC grains. Examination of the brushed 
inserts in a light optica! microscope showed that the outermost, thin TiN -layer and some of the Al203-layer had been 

45 brushed away along the very cutting edge, leaving there a smooth Al203-surface. Coating thickness measurements 
on cross sectioned, brushed inserts showed that the outermost TiN-layer and roughly half the Al203-layer had been 
removed along the edge line. 

[0038] G. Commercial cemented carbide milling inserts with the composition of 8 wt-% Co, 0.1 wt-%TiC, 1 .7 wt-% 
TaC, 0.1 wt-% NbC, and balance WC and CW-ratio of 0.86. The WC-grain size was 1 .74 p.m. The inserts were coated 
so with a 0.5 \im TiN-layer followed by a 1 .5 \im thick TIC-layer and finally followed by a 0.5 |im TiN-layer. 

[0039] H. Commercial cemented carbide cutting inserts with the composition of 8 wt-% Co, 0.1 wt-% TIC, 1 .8 wt-% 
TaC, 0.1 wt-% NbC and balance WC. CW-ratio of 0.86 and WC-gr^in size 1.71 ^im were coated with a 5 jim TiAIN- 
layer deposited by PVD-technique. 

[0040] Inserts from F, G and H were tested in face milling of an alloyed peariitic grey cast iron cylinder head. 



Operation 


j Face milling - roughing 


Work-piece 


i Cylinder head 



5 
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IS 



20 



25 



30 



35 







(continued) 






Material j 


Pearlitic grey cast iron, aiioyea. 






Gutting speed 
Feed rate/tooth 


116 m/min 
0.32 mm/rev 






Depth of cut 

Insert-style 

Note 


2 mm 

TNEF 1204AN 

Wet, single tooth milling 








Results 


i Tool-life, number of passes per edge 


Grade F: (invention) 
Grade G: (prior art) 
Grade H: (prior art) 


78 
60 
58 



40 



[00411 Too.-.ife crtterion was chippings and edge fractures of the edges. 

E xample 5 ^. p . pB 

,00421 . Oe.entedcart,ide.«nng,nsens.— -^^^ 

^ . J T«r 0 30 wt-% NbC and balance WC with a gram size in ^^^'^J^.^J^VicTr^BNo 95-layer (with a high nitrogen 
tlJSpoZt^o. CW-ratio of 0.90 were f^l^^^^J^^T^'^^ f--^^-;;^ 
I'orm corresponding to an estimated C^^^ 

arainsby using MTCVD-technique (ter"P®rature 850 boo a deposited using a temperature 970 C ana a 

Sps during L same coating cycle, a 1 .7 nm ^''^f 'fy^l'^^^'i'f^ ^ thin (0.7 ^m) layer of T.N was deposrted on top 

Face milling - roughing 1 
Engine block. | 
Pearlitic grey cast iron, un-alloyed 
106 nVmin 
0.20 mm/rev 
3 mm 
1 TNEF 1204AN 
j Wet milling. 56 teeth per set 



Operation 
Work-piece 
Material 
Cutting speed 

Feed rate/tooth 

Depth of cut 

Insert-style 

Note 



45 



50 



55 



Grade 1: (invention) 
Grade G: (prior art) , 



^r.nHifemqmbef-of-components-per-set~ 



975 
700 



[0045] Tool 
Example 6 



i-,ife criterion was edge break-out on the woric piece 



due to chipping and high flank wear of the edges. 



[00461 Inserts from I and B were tested in face 



milling of pearlitic nodular cast iron geart)ox housing. 
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n Ot rati rt n • 
^pci diiui 1. 


Pp)^^ milllna - rouahina 

1 CLK^%^ IIIIIIII1U Ik^UUIIIII^ 


Work-piece: 


Gear box housing. 


Material: 


Peariitic nodular cast iron, alloyed 


Cutting speed: 


1 37 m/min 


Feed rateAooth: 


0.15 mm/rev 


Depth of cut: 


5 mm 


Insert-sty ie: 


TNEF 1204AN-CA 


Note: 


Wet milling, 20 teeth, unstable tendencies 



Results 


Tool-life, minutes of tool life per edge set 


Grade 1 : (invention) 
Grade B : (prior art) 


105 
60 



[0047] Tool-life criterion was crack formation and chippings of the edges. 

20 Example 7 

[0046] Inserts from I and C were tested In face milling of nodular cast Iron engine block component 



Operation 


i Face milling - roughing 


Work-piece 


1 Engine block, bearing part 


Material 


j Nodular cast Iron 


Cutting speed 


i 93 m/min 


Feed rateAooth 


1 0.25 mm/rev 


Insert-style 


1 TNEF1204AN-CA 


Note 


1 Wet milling, 26 teeth 





Results 


Tool-life, number of components per edge set 


35 


Grade 1: (invention) 


38000 




Grade C: (prior art) 


20000 



Tool-life criterion was burr and spaliing on the work piece. 

40 



Claims 

1 . A cutting tool insert for milling of grey cast iron with or without cast skin under wet conditions at low and moderate 
cutting speeds and milling of nodular cast iron and compacted graphite iron under wet conditions at moderate 
cutting speeds comprising a cemented carbide body and a coating characterized In that said cemented carbide 
body comprises WC, 7.3-7.9 wt-% Co and 1 .0-1 .8 wt-% cubic carbides of Ta and Nb and a highly W-alloyed binder 
phase with a CW-ratio of 0.86-0.94 and in that said coating comprises 



a first, innennost layer of TlC^NyO^ with x-i-y+z=1 , y>x and z<0. 2, preferably y>0.8 and z=0, with equiaxed 
grains with size <0.5 jxm and a total thickness of 0.1-1 .5 pun, 

a layer of TiC^Ny with x+y=1 , x>0.3 and y>0.3, preferably x>0.5, with a thickness of 1-4 pm with columnar 
grains with an average diameter of <5 p.m, 

a layer of a smooth, fine-grained, 0.5-2 \ixr\ K-AI2O3 with a thbkness of 1 -2.5 \xjm and 
an outer layer of TiN with a thickness of 0.5-1 .0 \ifr\. 

2. Milling insert according to claim 1 

characterized in that the cemented carbide contains 1 .4-1 .7 wt-% cartDides of Ta and Nb. 
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Q Millinn insert according to any of tlie preceding claims 

Tharac^^^^^^ that the outermost T.N-layer is removed along the cutting edge. 



4. 



10 



15 



20 



25 



Method Of making a mH.ing insert cornp.sing a cernente. -^^^^^^^^^^^^^ 

. depositing by a CVD-method a first. Innermost layer of r.C,N,0. w>th x.y«=1. y>x and z<0.2 having an 
Si-d'gra'in structure with a size <0.5 ,m and a totaHhioJness^ 0.1-1^5 ^^^^^^^ ^^^^^ 
. depositing by a MTCVD-technique a layer of Ti^.N witt^x+y-1 x>0^ ana y ^^cVD-technique uses 

. depositing a layer of a smooth K-AI2O3 with athickne^ of 1-2.5 jun and 
- depositing an outer layer of T.N with a thickness of 0.51 .0 urn. 

a feed oTo^-0.4 mr^ooth depending on cutting speed and insert geometry. 



30 



35 



40 



45 



50 



55 
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